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Abstract
OBJECTIVE—To examine the impact of birth at night, on the weekend, and during July or
August – the first months of the academic year – and the impact of resident duty-hour restrictions
on mortality and morbidity of VLBW infants.

METHODS—Outcomes were analyzed for 11,137 infants with birth weight 501–1250 grams
enrolled in the NICHD Neonatal Research Network registry 2001–2005. Approximately half were
born before the introduction of resident duty-hour restrictions in 2003. Follow-up assessment at
18–22 months was completed for 4,508 infants. Mortality (7-day and 28-day), short-term
morbidities, and neurodevelopmental outcome were examined with respect to the timing of birth:
night vs day, weekend vs weekday, and July or August vs other months, and after vs before
implementation of resident duty-hour restrictions.

RESULTS—There was no effect of hour, day, or month of birth on mortality and no impact on
the risks of short-term morbidities except the risk of ROP requiring operative treatment was lower
for infants born during the late night hours than during the day. There was no impact of timing of
birth on neurodevelopmental outcome except the risk of hearing impairment or death was slightly
lower among infants born in July or August compared with other months. The introduction of
resident and fellow duty-hour restrictions had no impact on mortality or neurodevelopmental
outcome. The only change in short-term morbidity after duty-hour restrictions were introduced
was an increase in the risk of ROP (stage 2 or higher).

CONCLUSION—In this network of academic centers, the timing of birth and the introduction of
duty-hour restrictions had little effect on the risks of mortality and morbidity of VLBW infants,
suggesting that staffing patterns were adequate to provide consistent care.
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INTRODUCTION
The delivery of consistently high-quality care regardless of hour, day, and month is a
priority in health care systems, including intensive care units. Physician staffing patterns in
intensive care units vary with time of day and day of the week. The physicians on duty in the
hospital at night and on weekends are fewer in number and generally less experienced. In
teaching hospitals, the academic year begins in July. New physicians begin working in the
summer, and the clinical experience of these young physicians is lowest in July and August.
Previous studies have suggested that the timing of birth has significant effects on the risks of
perinatal and neonatal mortality, but these findings have not been consistent when
comparing day versus night,1–14 weekday versus weekend,1,2,5,15–20 and July and August
versus the rest of the year.5,21,22

Most studies have focused on overall perinatal or neonatal mortality, with few analyses of
the effects of timing of birth on the mortality risk of very-low-birth-weight (VLBW) infants,
1,12,21,22 the group at greatest risk of mortality. Even less is known about the impact of
timing of birth on morbidity among surviving VLBW infants.12,14,22 If significant effects of
timing of birth on mortality and morbidity were demonstrated, this would suggest potentially
modifiable factors, such as staffing policies and delivery room management, that could be
addressed with the goal of improving outcomes. The impact of timing of birth on outcome is
particularly important at a time of continued national discussion on the topic of optimal
resident duty hours for patient safety and physician training.23,24

We evaluated the impact of timing of birth on the mortality and morbidity of VLBW infants
born in centers of the Eunice Kennedy Shriver National Institute of Child Health and Human
Development (NICHD) Neonatal Research Network (NRN) from 2001 through 2005. We
also compared outcomes for these infants before and after introduction of resident duty-hour
restrictions, as mandated by the Accreditation Council for Graduate Medical Education
(ACGME) in 2003.25

METHODS
Study Population

The infants studied were born at one of the NRN centers between January 1, 2001 and
December 31, 2005 with birth weight 501–1250 grams and were enrolled in a registry of
VLBW infants maintained by the NRN. This was the largest recent time span available for
which the same versions of the registry data forms were used. The parents of surviving
infants with birth weight 1000 grams or less were asked to bring their children for follow-up
evaluation at 18 to 22 months corrected age. Infants with birth weight 1001–1250 grams did
not participate in the follow-up evaluations. Centers with multiple hospitals were considered
as single entities except for one center where the usual composition of teams attending
newborn infants at delivery differed between its two hospitals; thus, 17 delivery sites were
included in the analysis. The registry was approved by the institutional review board at each
center. Informed consent for collecting data for the registry was waived by the institutional
review boards at all but one site, where consent was obtained. Written informed consent was
obtained for the follow-up evaluation at all sites.
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Outcomes and Definitions
Data collected included pregnancy complications, type of delivery, multiple birth, infant
birth weight (BW), gestational age (GA), sex, race, Apgar scores, and in-hospital
morbidities including necrotizing enterocolitis (NEC), late-onset sepsis, bronchopulmonary
dysplasia (BPD), intraventricular hemorrhage (IVH), periventricular leukomalacia (PVL),
and retinopathy of prematurity (ROP). BPD was defined as the need for supplemental
oxygen at 36 weeks postmenstrual age. NEC was defined as Bell’s stage IIA or higher.26

Late-onset sepsis was defined by positive blood culture after the age of 72 hours with
antibiotic therapy for 5 days or more. Infants were defined as small for gestational age
(SGA) if their BW was below the 10th percentile for sex and GA.27

Centers were surveyed to identify the date when resident and fellow duty-hour restrictions
were implemented. Fourteen centers implemented resident duty-hour restrictions on July 1,
2003; two centers implemented restrictions earlier and one later.

The follow-up visit included assessment of cognitive and neuromotor development using a
standardized neurologic examination and the Bayley Scales of Infant Development-II.28

Bayley scale scores were recorded for the Mental Developmental Index (MDI) and the
Psychomotor Developmental Index (PDI). The results of vision and hearing examinations
were noted. A composite outcome, neurodevelopmental impairment (NDI), was defined as
one or more of the following: MDI<70, PDI<70, moderate or severe cerebral palsy (CP),
blindness with no useful vision in either eye, or hearing aid use in both ears.

Timing of birth variables were defined as:

1. Birth hour: Day (08:00–17:00), early night (17:01–23:59), or late night (00:00–
07:59);

2. Day of the week: Saturday or Sunday versus Monday-Friday;

3. Month: July or August versus other months;

4. Epoch: Before implementation of resident and fellow duty-hour restrictions versus
after implementation of duty-hour restrictions.

Statistical Analysis
Associations between each timing of birth variable and mortality within 7 days and 28 days
of birth were examined in the entire cohort and separately within three birth weight groups:
501–750 grams, 751–1000 grams, and 1001–1250 grams.

We examined associations between timing of birth and each of the following short-term
morbidities and with composite outcomes of each morbidity or death: NEC, late-onset
sepsis, BPD, IVH or PVL, ROP stage 2 or higher, and ROP requiring operative treatment.
Among surviving infants with birth weight 501–1000 grams who returned for follow-up
examination at 18–22 months corrected age, the impact of timing of birth was examined on
the composite outcome of NDI or death and for each of the component measures of NDI
with death in composite outcomes.

Statistical significance for unadjusted comparisons was determined by chi-square or Fisher’s
exact test. Adjusted associations between timing of birth and outcomes were examined with
robust Poisson regression models using generalized estimating equations.29 Adjusted
relative risks and 95% confidence intervals were reported based on the estimates and
variance estimators from these models; statistical significance was determined by Score and
Wald tests. Characteristics examined in group comparisons and included as adjustment
variables in the models were selected from prenatal and postnatal variables collected shortly
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after birth that have been associated with mortality.30 Along with each of the timing of birth
variables defined above, covariates included in each model were study center, infant BW
group, GA (≤24 wk, 25–28 wk, or ≥29 wk), sex, race, maternal antepartum hemorrhage,
maternal hypertension or preeclampsia-eclampsia, multiple birth, and 1-minute Apgar score
<5. A continuous time variable with each unit change representing 6 months was included in
order to adjust for time trends over the period of the study.

Initial models fit to each outcome included interaction terms aimed at examining whether
timing of birth effects or general time trends varied by epoch. Interactions were not
significant and were omitted from the final models. No adjustment was made for multiple
comparisons.

RESULTS
During the period of study, 11,679 infants were born in 19 NRN study centers with birth
weight 501–1250 grams and enrolled in the VLBW registry. Of these, 511 infants with
major congenital anomalies, 28 infants from two centers that left the Network early in the
period, and 3 infants with missing time of birth were excluded. Thus, the cohort studied
included 11,137 infants from 17 centers.

Overall, 40% of infants were born during the day, 32% during early night, and 28% during
late night. Infants born at night were of lower BW and GA than those born in the day, and a
higher percentage had Apgar scores < 5 at 1 minute and 5 minutes (Table 1). A greater
proportion of infants born during the day were from multiple births or SGA and more were
white. Mothers of infants born in the night were less likely to have had hypertension or
preeclampsia-eclampsia and to have had Cesarean section delivery. A greater percentage of
mothers who delivered in the late night had an antepartum hemorrhage.

Infants born on Saturday or Sunday were of somewhat lower GA than those born during the
week, and a smaller percentage were SGA, from a multiple birth, or delivered by Cesarean
section. BW and the percent of infants with Apgar scores <5 at 1 minute and 5 minutes were
similar for infants born on the weekend and those born during the week.

No significant difference was found between infants born in July or August and those born
in other months in any of the maternal and neonatal characteristics examined.

Neonatal characteristics were similar for infants born before and after the duty-hour
restrictions were implemented. Mothers of infants born during the years after the restrictions
were introduced were more likely to have had antepartum hemorrhage, hypertension or
preeclampsia-eclampsia, and Cesarean delivery.

Mortality
Mortality within 7 days of birth—Overall, 1,284 (11.5%) infants died in the first 7 days
of life; 165 of these died after 72 hours. The most frequently cited cause of death was
immaturity (43%); the second-most common was RDS (32%). Seven-day mortality was
stable across the period of study with the proportion of infants who died ranging from 10.7%
to 12.3%.

After adjusting for maternal and neonatal characteristics and time trends, no significant
difference in 7-day mortality risk was found for late night compared to day births (adjusted
RR 1.07, 95% CI 0.96–1.18), nor for early night compared to day births (adjusted RR 1.01,
95% CI 0.90–1.13) (Table 2). Similarly, no significant difference was found in 7-day
mortality risk for infants born on Saturday or Sunday compared to those born on other days
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of the week, nor for infants born in July or August versus those born in other months. No
significant change in the risk of dying in the first 7 days of life was found after resident-
fellow duty-hour restrictions were implemented compared to before (adjusted RR 0.99, 95%
CI 0.84–1.19). Within each of the three birth weight groups, there was no significant effect
of timing of birth on the adjusted risk of mortality within the first 7 days.

Mortality within 28 days of birth—Overall, 1,785 (16.0%) infants died in the first 28
days of life. The most common cause of death reported was RDS (33%); the second-most
common was immaturity (32%). Twenty-eight day mortality varied little across the period,
ranging from 15.2% to 16.9%. No significant difference was found in the risk of 28-day
mortality by timing of birth, either overall (Table 3) or among infants in any of the three
birth weight groups.

Short-Term Morbidity
After adjusting for maternal and neonatal characteristics as well as time trends, no
significant difference was found in the risk of NEC, late-onset sepsis, BPD, or IVH-PVL by
birth hour, day of the week, month, or epoch. For each of these morbidities, there was also
no impact of timing of birth on the composite outcome of the morbidity or death.

Among 8,294 infants who survived and were evaluated for ROP, 32% were diagnosed with
ROP stage 2 or higher in one or both eyes. No significant difference was found in the risk of
ROP by birth hour, day of the week, or month. There was a significant time trend (p<0.001),
with the rate of ROP decreasing over time (adjusted RR per 6-month interval 0.96, 95% CI
0.95–0.98) (Figure). After adjusting for the time trend, the risk of ROP was significantly
increased for infants born after resident-fellow duty-hour restrictions were implemented
compared to those born in the period before (adjusted RR 1.22, 95% CI 1.10–1.36;
p<0.001). The downward trend in ROP rate was present both before and after the duty-hour
restrictions were introduced, at which time there was a step upward in ROP risk (Jul-Dec
2003 period in Figure). An increase after duty-hour restrictions were implemented also was
found for the composite outcome of ROP (stage 2 or higher) or death (adjusted RR 1.11,
95% CI 1.04–1.19; p=0.002). Among the infants for whom treatment information was
available, 10% had ROP requiring treatment in one or both eyes. The risk of ROP requiring
treatment was significantly lower for infants born during the late night versus the day
(adjusted RR 0.84, 95% CI 0.73–0.97), but it was not significantly lower for infants born
during the early night versus the day. The risk of the composite outcome of ROP requiring
treatment or death did not vary by birth hour. Neither the individual nor the composite
outcome – ROP requiring treatment or death – varied by day of the week, month, or epoch.

Neurodevelopmental Outcome
Among 7228 children with birth weight 501–1000 grams, 2145 (30%) died prior to the
follow-up evaluation. Of the 5,083 survivors, 4,508 children (89%) were seen at follow-up
(September 2002 through April 2008). After adjusting for maternal and neonatal
characteristics as well as time trends, no significant difference was found in the risk of
MDI<70 or death, PDI<70 or death, moderate or severe CP or death, vision impairment or
death, or NDI or death by birth hour, day of the week, month, or epoch. The risk of hearing
impairment or death did not vary by birth hour, day of the week, or epoch. However, the risk
of hearing impairment or death was slightly reduced for infants born in July or August
compared to other months (adjusted RR 0.92, 95% CI 0.85–0.998; p=0.04).
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DISCUSSION
In this network of NICUs in major academic centers, we found little effect of timing of birth
on the mortality, morbidity, and long-term developmental outcome of VLBW infants. We
interpret this to mean that, in these centers, adequate staffing is available at all hours and
during weekends as well as weekdays and that adequate supervision of inexperienced
trainees is available in July and August. Further, we found no evidence of adverse effect of
duty-hour restrictions on VLBW mortality and little, if any, effect on morbidity. It is
possible that other factors not included in our analysis had beneficial effect and so
neutralized any negative impact of duty-hour restrictions on outcome. As an example, we
speculate that any adverse effects of decreased caregiver continuity and practical experience
resulting from duty-hour restrictions were offset by reduced fatigue or by increased
supervisory surveillance. Other, unrecognized factors might also have played a role. Our
database did not include data on the hours actually worked by residents and fellows before
and after implementation of the duty-hour restrictions in the participating centers. Although
one study found little change in the work hours reported by residents after introduction of
duty-hour restrictions,31 another reported significantly decreased work hours of pediatric
residents working in the neonatal and pediatric intensive care units.32 If further duty-hour
reforms are implemented for trainees, it will be important to assess their impact.33

Insofar as high-risk obstetrics patients are sometimes delivered electively during daytime
hours and on weekdays, this practice might be anticipated to influence the impact of timing
of birth on infant outcome. We accounted for a number of potential confounding factors in
our analyses, but we did not have information on all potential confounders, such as
variations in obstetrical practice34 and staffing patterns in the NICU.35

In our study, infants who were SGA, from a multiple birth, or delivered by Cesarean section
were more likely to be born during the day and on Monday through Friday than at night or
on the weekend, possibly indicating that these infants are more likely than others to be
delivered electively. Infants of mothers with hypertension or preeclampsia also were more
likely to be born during the day than at night.

Infants born at night were of lower birth weight and gestational age and had lower Apgar
scores, and their mothers were more likely to have antepartum hemorrhage. After adjusting
for these and other risk factors, they were neither more likely to die nor more likely to
experience significant morbidity than infants born at other time periods. We also found no
evidence that mortality or morbidity risk was higher among infants born on the weekend or
during July or August.

The results of our study are encouraging in that we did not demonstrate adverse effects of
implementation of the ACGME duty-hour restrictions for residents and fellows on mortality
or morbidity of VLBW infants in the teaching hospitals that comprise the Neonatal Research
Network. In the period after the restrictions were introduced, the mothers of VLBW infants
were more likely to have had antepartum hemorrhage, hypertension or preeclampsia, and
Cesarean delivery. There was no change in the risk of 7-day or 28-day mortality, and there
was no change in the risk of any morbidity except ROP. After duty-hour restrictions were
introduced, there was an increase in the adjusted risks of ROP (stage 2 or higher) alone and
the composite outcome of ROP or death. The risk of hearing impairment or death was
slightly lower among infants born in July or August compared to other months. Given the
large number of comparisons that were made, caution should be exercised in interpreting
these findings.

Previous studies have found improved patient safety and mortality or no effect among adult
medical and surgical patients after introduction of duty-hour restrictions.31,36–41 We found
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little impact of the ACGME duty-hour restrictions on the outcome of VLBW infants in this
group of teaching hospitals. Shorter on-call shifts for residents and fellows might be
anticipated to have negative effects on the continuity of care and to have increased the
potential for problems associated with patient “handoff”.42 The duty-hour restrictions might
also result in less practical experience for residents at each level and reduced competence
with the technical aspects of patient care that are so important for VLBW infants, such as
tracheal intubation. If such potential effects of duty-hour restriction have negative impact on
patient outcome, they may be offset by a reduction in the errors that result from fatigue.43–45

CONCLUSION
Despite previous reports of increased perinatal or neonatal mortality among infants born at
night, on the weekend, or during July and August, we found no effect of timing of birth on
the mortality risk of VLBW infants and little effect on morbidity. In addition, we found no
significant change in VLBW outcomes after the introduction of resident and fellow duty-
hour restrictions. Variations in mortality and morbidity related to the timing of birth depend
on an institution’s capacity to provide a sufficient number of adequately trained and
experienced staff at all times. We speculate that the lack of major effects of timing of birth
in this analysis indicates that the NICUs of the Neonatal Research Network are able to
provide adequate staffing, even at night and on the weekends, and that inexperienced
trainees are given sufficient support from more experienced staff. Moreover, the lack of
change in VLBW outcome after introduction of resident and fellow duty-hour restrictions
suggests that appropriate adjustments in staffing have been made. Matching the need and
availability of personnel and other resources is key to maintaining consistently high-quality
outcomes.

ABBREVIATIONS

ACGME Accreditation Council for Graduate Medical Education

BPD bronchopulmonary dysplasia

BW birth weight

CI confidence interval

CP cerebral palsy

DR delivery room

GA gestational age

IVH intraventricular hemorrhage

MDI motor developmental index

NDI neurodevelopmental impairment

NEC necrotizing enterocolitis

NICHD Eunice Kennedy Shriver National Institute for Child Health and Human
Development

NICU neonatal intensive care unit

NRN Neonatal Research Network

PDI psychomotor developmental index

PVL periventricular hemorrhage
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RDS respiratory distress syndrome

ROP retinopathy of prematurity

RR relative risk

SGA small for gestational age

VLBW very low birth weight
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FIGURE 1.
Percent of infants with retinopathy of prematurity stage 2 or higher by interval of birth
among infants with birth weight 501–1250 grams born in NICHD Neonatal Research
Network centers between Jan. 1, 2001 and Dec. 31, 2005. The vertical bars show 95%
confidence intervals for each point estimate.
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TABLE 2

Relative risk of death in the first 7 days among infants 501–1250 grams birth weight by timing of birth

Timing of birth N Death in 7
days

Adjusted RR
(95% CI)a

P-
valuea

Birth hour

  Late night 3128 427 (14%) 1.07 (0.96–1.18) 0.4

  Early night 3578 405 (11%) 1.01 (0.90–1.13)

  Day 4431 452 (10%) 1.0

Day of week

  Saturday or Sunday 2982 340 (11%) 1.00 (0.91–1.11) 0.9

  Monday-Friday 8155 944 (12%) 1.0

Month

  July or August 1897 219 (12%) 0.95 (0.85–1.07) 0.4

  Other 9240 1065 (12%) 1.0

Epoch

  After duty-hour restrictions 5847 647 (11%) 0.99 (0.84–1.19) 0.9

  Before duty-hour restrictions 5290 637 (12%) 1.0

a
Relative risks and p-values are from a modified Poisson regression model that included the four timing of birth indicators as well as study center,

BW, GA, sex, race, multiple birth, 1-minute Apgar score < 5, maternal antepartum hemorrhage, maternal hypertension or preeclampsia-eclampsia,
and continuous time (to adjust for common time trends).

Pediatrics. Author manuscript; available in PMC 2011 August 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Bell et al. Page 17

TABLE 3

Relative risk of death in the first 28 days among infants 501–1250 grams birth weight by timing of birth

Timing of birth N Death in 28
days

Adjusted RR
(95% CI)a

P-
valuea

Birth hour

  Late night 3128 575 (18%) 1.06 (0.97–1.16) 0.4

  Early night 3578 574 (16%) 1.03 (0.94–1.12)

  Day 4431 636 (14%) 1.0

Day of week

  Saturday-Sunday 2982 473 (16%) 0.99 (0.92–1.08) 0.9

  Monday-Friday 8155 1312 (16%) 1.0

Month

  July/August 1897 302 (16%) 0.95 (0.87–1.05) 0.3

  Other 9240 1483 (16%) 1.0

Epoch

  After duty-hour restrictions 5847 920 (16%) 0.98 (0.85–1.12)

  Before duty-hour restrictions 5290 865 (16%) 1.0 0.7

a
Relative risks and p-values are from a modified Poisson regression model that included the four timing of birth indicators as well as study center,

BW, GA, sex, race, multiple birth, 1-minute Apgar score < 5, maternal antepartum hemorrhage, maternal hypertension or preeclampsia-eclampsia,
and continuous time (to adjust for common time trends).
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